Neurocognitive disorders may compromise the outcome of surgical cleft lip palate repair and thus need to be identified. Processing of rapidly changing sequential information (temporal processing) is a fundamental neurocognitive capacity that may contribute to various communication functions and has been found impaired in several developmental disorders. The occurrence of temporal processing difficulties in the cleft population is not known, however. We investigated the relation between oral clefting and temporal estimations of simultaneity/nonsimultaneity in visual, auditory, and tactile modalities. Subjects were 10-year-old controls and children with oral clefts of various types [i.e., cleft lip (alveolar), cleft lip and palate, cleft palate, and cleft palate submucous]. The visual and tactile tasks but not so clearly the auditory task differentiated the groups. Further, paralleling previous findings, the patients with cleft lip and palate outperformed the others, whereas the cognitive temporal processing acuity of the cleft palate and cleft palate submucous children was worse.
O
ral clefts constitute about two thirds of major craniofacial malformations. 1 Their incidence varies from 0.5 to 2 per 1,000 live births, [2] [3] [4] and nonsyndromic clefts comprise about 20% of all cleft cases. 3, 5 Epidemiological and genetic studies suggest that nonsyndromic cleft lip (CL), cleft lip (alveolar) [CL(A)], and cleft lip and palate (CLP) might be caused by different defects in the genome than isolated cleft palate (CP). 1 There has been a continuous debate going on about the best possible technique and benefiting target population for surgical cleft repair, particularly considering speech results. It is well known that cleft-associated cognitive difficulties may compromise the surgical results by hindering the child from benefiting from the operation or by seriously biasing the differential diagnosis between organic deformity necessitating surgery and functional problems requiring mere rehabilitation, that is, speech therapy. Many scientific efforts are ongoing to determine the nature and indices of central nervous system involvement in cleft-associated cognitive impairment. [6] [7] [8] [9] The research is basically motivated by a need to develop further the treatment of patients with clefts.
Considering the cognitive difficulties possibly challenging surgical efforts aimed at providing the cleft population with fluent communication skills, it is necessary to identify the cognitive factors that may negatively affect the development of speech, language, and learning in patients with clefts. It is estimated that about 46% of nonsyndromic cleft children display specific language impairment 10 in addition to difficulties in speech. Because language and linguistic communication skills may depend on the capacity to process rapid temporal sequences (both of which are impaired in specific language impairment, 11 developmental dyslexia, 12, 13 and autism 14 ) , it is important to study temporal processing of cleft children as their fundamental neurocognitive capacity. 15 Unfortunately, little is known about the cognitive temporal skills of cleft children. Auditory frequency discrimination as well as auditory memory as assessed with mismatch negativity (MMN) methods have been found to differentiate cleft children from their controls and various cleft types from each other 8, 16, 17 ; however, to our knowledge, there is no other information on their temporal information processing.
AIM OF THE STUDY
T he main aim of the current study was to investigate the power of cognitive temporal acuity of different perceptual modalities to differentiate cleft children from their age-matched peers. The second aim was to investigate whether children with various types of clefts differ from each other in temporal processing when categorized at a more general (cleft lip with or without palate [CL(P)] versus CP) or detailed [CL(A), CLP, CP, cleft palate submucous (CPSM)] level. We measured cognitive temporal processing acuity (TPA) . 18 This refers to the maximum rate at which brief stimulus pulses (8 milliseconds) of two parallel trains can be discriminated to occur simultaneously or nonsimultaneously 84% of time. The two trains were separated by location or pitch, and they both consisted of three perceptually separated and identified stimulus pulses. The two stimulus trains consisted of flashes of light in vision, tone peeps in audition, and fingertip indentations in the tactile sense. Demographic data and intelligence measures were included in the analyses to estimate their effect on temporal acuity.
The present study is one in a series of studies aimed at examining the background factors of orofacial dysfunctions in patients with clefts. The study design was accepted by the Ethical Committee of Tö ö lö Hospital of the Helsinki University Central Hospital in May 1999.
MATERIALS AND METHODS

Patients
T
he treatment of patients with clefts in Finland is centralized at the Finnish Cleft Center. The material of this study comprised 67 consecutive Finnish cleft children (35 girls) who voluntarily participated in the temporal acuity and intelligence assessment tasks in connection with their routine medical 10-year-old follow-up examination at the Finnish Cleft Center between June 1, 1999 and May 31, 2000. The longitudinal developmental data from the 3-, 6-, 8-, and 10-year-old examinations as well as that from in-between examinations were registered from the hospital records. The diagnoses of speech, language, and learning disorders were based on team assessment carried out locally at any age by appropriate specialists available (e.g., speech and language pathologist, neuropsychologist, special teacher). The parents were structurally interviewed regarding learning and development while their children attended the 10-year-old follow-up examination. Those children who could not complete any of the three temporal acuity tasks were excluded. This left us with 64 children whose detailed demographic data are presented in Table 1 
Controls
The controls consisted of children at the same grade levels as the cleft children who were recruited 
Intelligence Testing
Intelligence quotient (IQ) was approximated with two tests from the revised version of the Wechsler Intelligence Scale for Children. 19 In the similarities (SIM) task, the subject is presented with 17 pairs of words ranging from concrete to abstract. The task is to produce a common nominator for the word pair. The score (reflecting the number and quality of correct answers) was converted to age-corrected standard scores as described in the manual. 19 This subtest was chosen because of its correlations above 0.81 to verbal and full IQs at the age of 10 years. 19 In the block design (BD) task, the subject is presented with two-dimensional patterns presented on cards, and the task is to replicate the pattern with threedimensional red and white cubes. The score (reflecting the number of correct answers and speed of performance) was converted to age-corrected standard scores as described in the manual. 19 This subtest was chosen because of its best (more than 0.84) correlations of the performance subtests to performance and full IQs. 19 For studying the influence of the patients' intelligence in the temporal acuity task, we did not exclude those children who performed below average in the IQ tests, but could nevertheless complete the temporal acuity tasks.
Temporal Processing Acuity
The experimental setup and stimulus presentation for the temporal acuity tasks are shown in Figure 1 . Temporal processing acuity was assessed with two parallel stimulus trains in three modalities: in tactile modality, with indentations of the left-hand index and middle fingertips; in auditory modality, with sounds of different pitches; and in vision, with light flashes from two sources. In each task, the subject was instructed to estimate whether the pulses in the two separate trains were simultaneous or nonsimultaneous. The order of the tasks for half of the subjects in the cleft and control groups was tactile-auditoryvisual, and the order of the tasks was reversed for the other half of the subjects.
For determining TPA, a phase-difference detection method 18 was used (for a demonstration, see http://www.helsinki.fi/hum/ylpsy/neuropsy.html). Two identical trains of brief stimuli, A and B, consisting of three stimulus pulses with constant time intervals between them were delivered simultaneously or almost simultaneously. The train frequency of A and B was always the same within one trial but it varied between trials. The pulses of trains A and B were simultaneous (trains A and B in the same phase) or nonsimultaneous (180°phase shifted between the trains) at a probability of 0.5. The leading pulse in the nonsimultaneous presentation also varied randomly, with a probability of 0.5.
Temporal intervals between the pulses were varied in the threshold search using a computercontrolled apparatus with a driver pulse accuracy at the microsecond level. The collection of data was also computerized. At the beginning of acuity estimation, one stimulus pulse per second was delivered in each pulse train consisting of three pulses (e.g., each finger). In other words, the presentation rate for each of the two parallel trains was the same, 1 Hz, for both. The stimulus onset asynchrony (SOA) of stimulus pulses within each separate triplet was 1,000 milliseconds, but the SOA between the pulses of different trains depended on whether the pulses were simultaneous or not. If they were not simultaneous, the fre- 
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quency between the pulses of the two trains was 2 Hz and the SOA was 500 milliseconds. When the stimulus pulses of the parallel triplets were simultaneous, their SOA was 0 (a catch trial) and their frequency was 1 Hz. The TPA values mentioned here refer to the frequency between the pulses of the two non-simultaneous trains at threshold (2 Hz at the beginning).
The adaptive transformed up-and-down threshold search method of Wetherill and Levitt 20 was used to estimate the presentation rate in hertz required for a probability of 0.84 of correct choices in the yes/no judgments. If the subject correctly judged the presentation of the pulses, the presentation frequency increased 0.05 log units after each response. After the first incorrect judgment, the presentation rate decreased 0.05 log units. The next stimulus followed each response after 0.3 to 0.5 seconds without any explicit feedback. After the first reversal, the presentation rate increased only after a sequence of four successive correct choices and otherwise decreased after every incorrect answer by the amount mentioned previously. The first two reversals were discarded, and the average of 12 reversals after these provided the final TPA estimate. When the presentation rate was slow, the task was easy, and when the presentation rate increased, performance eventually became random. Thus, TPA directly indicates temporal acuity.
The subjects were instructed to judge after each stimulus delivery whether the pulses of the two trains were simultaneous or not and to guess the correct alternative when unsure. They indicated their judgments by pushing one button on a response device for simultaneous pulses and another one for nonsimultaneous pulses. Responses were not speeded, and the participant was advised to try to respond as accurately as possible. If false responses were reported, the task was begun again. The participants were instructed not to use a single criterion, either simultaneity or nonsimultaneity, but to assess both alternatives.
In the tactile TPA task, the subject judged whether the indentations of the left-hand index and middle fingertip occurred simultaneously or not when three approximately 8-millisecond indentations were delivered onto each. The indentations of the skin were produced by the blunt tips of solenoid axes touching the skin. The driving pulse of the solenoids was 8 milliseconds at 20 V. The peak force of an indentation was approximately 0.9 N (maximum mass lifted then was about 92 g), and the maximum amplitude was 2 mm. An additional masking solenoid acted in counterphase with both trains. The pur pose was to make the sound cues entirely noninformative regarding the stimulus presentation. The solenoids were embedded in soft padding attenuating their sound, and the subject used headphones attenuating the sound a further 30 dB so that at the peak, the clicking solenoid noise at the subject's ear canal entrance was about 35 dB sound pressure level (SPL).
In the auditory TPA task, the subject judged whether the three 8-millisecond tone bursts of two parallel three-pulse trains were simultaneous or not. The tone bursts within each train had the same pitch, but the two trains differed in their pitches, which resulted in "high" and "low" trains. The frequencies of the sine wave tones were 750, 1,625, or 3,625 Hz. They were smoothed sinusoidally for 2 milliseconds at the onset and offset. The tone peeps produced clearly different and identifiable pitches that did not combine to elements of traditional chords or fuse to a single perception at the SOAs required by the experiments. Subjectively, the tone bursts had an approximately equal loudness. Their sound pressure levels measured at the subject's ears were about 70 dB SPL for continuous tones. The subject was seated 90 cm from the loudspeaker through which the tones were presented.
In the visual TPA task, the subject estimated whether the three 8-millisecond flashes of an upper and lower light in central vision were simultaneous or not. The subject was seated 90 cm from a matte black box (18.5 cm × 8 cm) in which two green (565 nm) diffused light-emitting diodes (LEDs) were implanted, one 5 mm above the other (see Fig 1) . The LEDs were 8 mm in diameter, subtending 0.5°in visual angle. The luminance of the flashes was about 4 cd/m 2 , and the luminance of the background was 1.5 cd/m 2 . The subject fixated on a constantly lit green LED (3 mm in diameter) between the flashed stimulus LEDs. In general, no apparent movement was seen as the constantly lit fixation LED was inserted between the flashing stimulus LEDs.
Statistical Methods
The group differences in temporal processing tasks were analyzed with mixed 5 × 1 ANCOVAs, where the group [control, CL(A), CLP, CP, or CPSM] was a between-subjects factor and the three temporal acuity tasks separately (visual, auditory, and tactile) were dependent variables. Planned contrasts were used to compare the different subject groups in the following way. The first degree of freedom was used for comparing the controls with the combined group of all cleft children. The second degree of freedom was used to compare the two main groups of cleft children, that is, CL(P) and CP. The third degree of freedom was used to compare the subgroups CL(A) and CLP within the main group of CL(P). The last
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degree of freedom was used to compare the subgroups CP and CPSM within the main group of CP. Additional post hoc analyses on the (corrected means) were conducted to investigate the remaining comparisons. First, the analyses were conducted without and thereafter with the covariates (schooling; diagnosed difficulties in speech and language, reading, writing, or arithmetic; and verbal and nonverbal intelligence). All the analyses were conducted with the original variables in hertz but also when converted to log hertz, milliseconds, or log milliseconds. The differences between these conditions were small; therefore, the results with the original untransformed variables are presented here. To check whether the patients with clefts differed from controls for intelligence and age, t tests were used. To study the difference between patients with clefts and controls in other demographic variables, 2 tests were used.
RESULTS
Intelligence and Demographic Data in Relation to
Temporal Acuity V erbal and performance IQs were assessed with the SIM and BD subtests of the revised Wechsler Intelligence Scale for Children. 19 They ranged from 9 to 13 and 10 to 15 standard scores in the final control group and from 3 to 14 and 1 to 18 standard scores in the final cleft group, respectively. According to the normative data, there were 10 cleft subjects [2 CL(A), 0 CLP, 5 CP, and 3 CPSM subjects] with poorer standard score than −1 standard deviations (less than 7 standard scores) in the verbal task and 5 in the performance task [1 CL(A), 0 CLP, 2 CP, and 2 CPSM subjects].
The controls did not differ from the cleft children by age [t(6.32) = 1.54, P < 0 Most of the demographic variables differentiated at least some of the groups, and all, except age, gender, and handedness, correlated with the performance in the temporal acuity tasks (assessed either with the Pearson product moment correlation or Spearman rank order correlation; Table 2 for the latter correlations). Therefore, we conducted all our analyses both with and without them as covariates [type of school; diagnosed difficulties in speech and language, reading, writing, and arithmetic; and performance in the verbal (SIM) and performance (BD) revised Wechsler Intelligence Scale for Children tests].
Temporal Acuity Tasks
The control group did not differ as much from the pooled group of cleft children as did the subgroups of cleft children from each other. Visual and tactile temporal acuity but not auditory temporal acuity differentiated the groups. The covariates diminished the differences to a modest extent, but the qualitative relations remained the same. The detailed results are presented in Figure 2 .
When subgroup differences in temporal acuity were assessed without the covariates separately in each modality, the main effect of subgroup was statistically significant in visual [F(4,65) = 2.81, P < 0.04] and tactile modalities [F(4,59) = 3.36, P < 0.02] but not in the auditory modality [F(4,62) = 0.92, P < 0.46]. The planned contrasts indicated that in no comparison did the controls differ from the pooled group of cleft children. The CL(P) and CP children differed
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from each other only in the tactile task [F(1,59) = 6.57, P < 0.02]. The CLP children differed from the CL(A) children only in the visual task [F(1,65) = 6.98, P < 0.02], whereas the CP group did not differ from the CPSM children in any of the comparisons. The additional post hoc tests indicated that in visual modality, the CLP subgroup differed from all the other cleft groups [least significant difference (LSD) CL(A): P < 0.011, CP: P < 0.026, and CPSM: P < 0.008]. This difference was not statistically significant with a stricter Bonferroni correction, however (only a trend for a difference was found between the CLP and CPSM groups; P < 0.08). In the auditory modality, no statistically significant differences or trends for them were observed. In the tactile modality, the CLP sub- Significance of the correlation: *P < 0.05; **P < 0.01; ***P < 0.001. WISC-R = Wechsler Intelligence Scale for Children-revised.
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group differed again from all the other cleft subgroups, except for the CL(A) group and now also from the group of control children (LSD CONTR: P < 0.04, CP: P < 0.002, and CPSM: P < 0.02). With a more strict (Bonferroni) correction, the difference was statistically significant only between the CLP and CP subgroups (P < 0.009).
When the group differences in temporal acuity were assessed with the covariates separately in each modality, only in the tactile modality was the main effect of group statistically significant [F(4,50) = 3.54, P < 0.02] but not in the visual [F(4,56) = 1.28, P < 0.29] or auditory [F(4,53) = 0.31, P < 0.88] modalities. The planned contrasts indicated, as without the covariates, that in no comparison did the controls differ from the pooled group of cleft children. The main groups of cleft children, the CL(P) and CP groups, did not differ from each other in any of the comparisons but showed a trend for a difference in the tactile task [F(1,50) = 3.21, P < 0.08]. The subgroups within the main CL(P) group differed from each other only in the visual task [F(1,56) = 5.09, P < 0.03], as in the case without the covariates, and showed a trend for a difference in tactile modality that was not observed without the covariates [F(1,50) = 2.95, P < 0.092]. The subgroups within the main CP group did not differ from each other in any of the comparisons, paralleling the results without the covariates. The additional post hoc test indicated that in the visual modality, the CLP subgroup differed from the CL(A) subgroup and showed a trend for a difference as compared with the other subgroups [LSD CL(A): P < 0.03, CP: P < 0.06, and CPSM: P < 0.07]. This difference was not statistically significant with a stricter correction, however. In the auditory modality, no statistically significant differences or trends for them were observed, as was the case without the covariates. In the tactile modality, the CLP subgroup differed again, as in the case without the covariates from all the other cleft subgroups except for the CL(A) subgroup and also from the group of control children (LSD CONTR: P < 0.02, CP: P < 0.002, and CPSM: P < 0.05). With a more strict (Bonferroni) correction, the difference was statistically significant only between the CLP and CP subgroups (P < 0.02), as was the case without the covariates.
As illustrated in Figure 2 , there were only few box-plotted outliers in the temporal acuity tasks. We first removed the poorly performing outliers in each group, but this did not affect the significances (as assessed with the most liberal post hoc tests). The additional removal of the good outliers did not affect the results nor did the final removal of the newly appearing outliers after removing the two previously mentioned groups. Various control analyses were also conducted to ascertain that the group differences in temporal processing were not mere reflections of difficulties in, for example, attentional control. First, the five groups (controls and four cleft subgroups) did not differ in their variation in the threshold search. Second, Guttman split-half reliabilities were calculated separately for the control and cleft groups in each task. In the control group, the values were 0.49, 0.86, and 0.71 in the visual, auditory, and tactile tasks, respectively. In the cleft group, the corresponding values were 0.84, 0.65, and 0.88, respectively. The correlations were similar except for the visual task, in which reliability for control subjects was actually poorer.
DISCUSSION
I
n the current study, we investigated whether children with orofacial clefts and their controls could be differentiated on the basis of cognitive temporal acuity in visual, auditory, and tactile modalities. We found that temporal acuity did not differentiate the controls from the overall cleft population as clearly as it differentiated the cleft subgroups from each other. Further, it was not the auditory but the visual and tactile modalities that statistically significantly differentiated the groups. Taking into account the effect of various demographic variables in the analyses did not alter the overall pattern of results, although the group differences diminished to some extent.
Temporal acuity correlates with various developmental disorders. 11 It has been hypothesized that good temporal acuity as assessed with perceptual tasks could indicate good underlying neuronal organization and poor temporal acuity as in the case of developmental disorders could indicate neuronal disorganization. 13 In the current study, the finding of impaired temporal acuity was associated with orofacial structural dysmorphology (i.e., orofacial clefting) and with its specific subtypes. The two main groups [CL(P) versus CP] did not differ consistently from each other across the modalities (difference was significant only in the tactile modality without covariates). This result did not indicate, however, that orofacial clefting could be considered as a homogenous group. Instead, it seemed that children in the CLP subgroup had the best temporal acuity thresholds and that the children in the CP subgroup scored poorer compared with them but did not differ from the children with CPSM.
We further qualitatively inspected the distribution of the scores across different groups and observed that it was not the controls who achieved the THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 15, NUMBER 3 May 2004 maximum scores but, most consistently, the CL(P) maingroup (followed by the CP children). As illustrated in Figure 2 , however, the controls achieved the best minimum scores (followed by the CLP children) and had the smallest range in their scores in every modality. The worst maximum and minimum scores were found most consistently in CPSM children. This pattern of results parallels our studies on developmentally dyslexic and fluent readers, where most of the fluent readers had reasonably good temporal acuity and only few had poor temporal acuity, whereas this kind of differentiation could not be made in the dyslexic readers. 21 Both the mean and the median were most consistently best in the CLP group (and in controls), whereas they were the poorest in the CPSM group (followed by the CP group). Taken together, as with the group means, it seems that the subgroups within the CP main group (CP and CPSM) had the poorest temporal acuities (especially the CPSM children) and that the groups within the CL(P) main group differed from each other, with CLP children performing at least at the level of the controls. This suggests that the effects of orofacial clefting cannot be restricted to nonneuronal morphological factors but that the profile of some cleft subtypes can be interpreted to reflect underlying neuronal disorganization.
The pattern between the main groups [CL(P) better than CP] and subgroups (CLP best) in our results parallels the previous findings indicating that central auditory processing difficulties in children differ for various types of clefts. 8 In earlier studies on auditory sensory memory decay, the CP group differed from (scored poorer than) the CL(P) group and controls. 8 This is not surprising, considering coexisting embryological development of the brain and facial skeleton. In terms of neurophysiological correlates of auditory stimuli, automatic central processing differs between cleft children and the controls. 8 Auditory discrimination as well as auditory memory has been found to differentiate cleft children from the controls and the various cleft types from each other. 8, 16, 17 In newborn (14-20 days of age) children, 16 ,17 the event-related potential amplitude for a 1,000-Hz sinusoid (100 milliseconds, 10:10 rise/fall) was larger in the controls compared with the cleft children, but no differences were found between the different cleft types. This general effect was not, however, observed at the age of 6 months, although the CP group seemed to have smaller amplitudes compared with CL(P) children and controls. In newborn CP and control children 16 the MMN amplitude for tone pitch deviation (1,000 versus 1,100 Hz, 100-millisecond sinusoids with 10:10 rise/fall) differentiated the groups. When the cleft group was subgrouped, 17 the CP infants showed no MMN, whereas the controls and CL(P) children did not differ from each other. This difference remained at the age of 6 months. At school age, 22, 23 event-related potentials to the stimuli cited previously were comparable across the groups. The MMN amplitude differences varied with the presentation rate (interstimulus intervals: 350/700/1,400 milliseconds). With the longest interstimulus interval, the MMN amplitude differed between the CP children and controls. In the CL(P) children [more specifically its CL(A) subgroup], MMN was also observed with the 1,400-millisecond interstimulus interval, and this group did not differ significantly from the controls. The results were interpreted to indicate differences in auditory sensory memory decay.
If differences in temporal acuity are taken as evidence of underlying differences in neuronal organization, this could be interpreted as indicating poorer neuronal organization in cleft children, especially in those with CP. Interestingly, this suggestion agrees with the results in which language-based developmental difficulties have been found in children with orofacial clefts, especially in children with CP. [24] [25] [26] [27] There are various links suggested between impaired temporal acuity and later language-related difficulties. 13 The link may be quite straightforward, where difficulties in auditory processing would lead to impaired phonological representations and their processing. The auditory task did not differentiate the groups in the current study like the other tasks (visual and tactile), however. Paralleling this, in our previous research on dyslexic readers, we could not find an exclusive link between auditory temporal acuity and phonological processing. 21 Therefore, it might be that there is no direct link between impaired perceptual and phonological processing but that both the impairments reflect the same underlying deficient neuronal factor. In this case, emphasized auditory temporal acuity impairment is not necessitated, of course, but a more generalized difficulty would be expected as observed here.
We had information on the previous diagnoses of linguistic, reading, spelling, and arithmetic difficulties in the children with orofacial clefts (in the control group, none had these difficulties). This enabled us to investigate to some extent the relations between language-related processing and temporal acuity. Although controlling for these and other demographic variables (e.g., school type, verbal IQ, performance IQ) did not qualitatively affect the group differences, some interesting patterns emerged. Visual temporal acuity was affected statis-
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tically significantly by performance IQ. Auditory temporal acuity was not significantly affected by any of the demographic variables, but a trend was found between it and spelling difficulties. Tactile temporal acuity was affected statistically significantly by reading and spelling difficulties and performance IQ. These results are in line with our previous findings, where the relations between performance IQ and temporal acuity have been stronger compared with those between verbal IQ and temporal acuity. 21 Also, in children with orofacial clefts, as in the case of dyslexic readers, temporal acuity seemed to be related to a diagnosis of reading/spelling difficulty. This link was not the strongest for auditory temporal acuity, however; further, no statistically significant relation between a diagnosis of developmental language impairment and temporal acuity was found (or difficulties in arithmetic, variations in school type, or verbal IQ). This is again in contrast to the suggestion of a direct link between slowed auditory processing leading to linguistic (phonological) difficulties.
Earlier studies indicate that CLP children demonstrate dentoalveolar misarticulations more often than CP children. 28 Based on the results of the current study as well as on earlier ones, [25] [26] [27] 29 it is not probable that the phonetic errors in the speech of CLP children originate from central processing difficulties; rather, they are basically of peripheral origin. What remains to be solved in future research are the basic relations between the type of orofacial clefting, language and reading-related processes, and temporal acuity. From the point of view of surgery, it is worth studying to what extent the failures of surgical treatment in terms of speech results can be attributed to neurocognitive impairment, particularly temporal processing deficiency. Also, it would be important to study whether temporal processing disabilities can explain poor improvement and speech therapy resistance in some of the cleft speakers.
